An experimental comparison of various nuclei counters by Mansell, Joel William
Scholars' Mine 
Masters Theses Student Theses and Dissertations 
1969 
An experimental comparison of various nuclei counters 
Joel William Mansell 
Follow this and additional works at: https://scholarsmine.mst.edu/masters_theses 
 Part of the Physics Commons 
Department: 
Recommended Citation 
Mansell, Joel William, "An experimental comparison of various nuclei counters" (1969). Masters Theses. 
5261. 
https://scholarsmine.mst.edu/masters_theses/5261 
This thesis is brought to you by Scholars' Mine, a service of the Missouri S&T Library and Learning Resources. This 
work is protected by U. S. Copyright Law. Unauthorized use including reproduction for redistribution requires the 
permission of the copyright holder. For more information, please contact scholarsmine@mst.edu. 
AN EXPERIMENTAL COMPARISON OF 
VARIOUS NUCLEI COUNTERS 
BY 7Si 
JOEL WILLIAM MANSELL\\~~~ 
A 
THESIS 
submitted to the faculty of 
THE UNIVERSITY OF MISSOURI - ROLLA 
in partial fulfillment of the requirements for the 
Degree of 







A series of simultaneous nuclei concentration measure-
ments, with four different nuclei counters, have been made. 
These counters were a Pollak and a Gardner counter supplied 
by Mr. Paul Allee of the Environmental Science Services 
Administration, Boulder, Colorado, and a Pollak and a G.E. 
counter supplied by Mr. Norman White of the National Center 
for Air Pollution Control, Cincinnati, Ohio. In the absence 
of any knowledge of the absolute concentrations in the sam-
ples, the data for each of the individual counters have been 
compared to the averages computed from all four counters. 
The results of these comparisons indicate the following: 
(1) differences between individual counters sampling 
the same air are often as high as SO% and in some cases 
exceed 100%, 
(2) the variability in the response of individual 
counters is as low as ±10% for the G.E. and as high as ±20% 
in the case of the Gardner, 
(3) the agreement between the two Pollak counters is 
not appreciably better than the agreement between these 
counters and the G.E. or Gardner counter, 
(4) the percentage difference between counters increase 
as nuclei concentrations increase. 
A possible explanation of the differences in counter 
response is given and recent modification to the U.M.R. 
absolute nucleus counter are discussed. 
iii 
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Aerosols are defined as dispersed solid or liquid 
matter in a gaseous medium, in our case the atmosphere. 
The aerosol particles are often given the name atmos-
pheric nuclei or simply nuclei. Atmospheric nuclei, 
which were first recognized by Coulier1 , 1875 and Aitken 2 
1881, can be conveniently classified by size and con-
centration as shown in Table I. 
These nuclei are produced by a variety of natural 
and man-made processes. Some direct or indirect pro-
cesses which naturally produce nuclei are: reaction 
products of gas reactions, volcanic eruptions, forest 
fires, evaporation of sea salt spray, and many others3 . 
A few man-made processes which put nuclei into the 
atmosphere are: internal combustion engines, expelled 
matter from various industrial processes, atow.ic ex-
plosions, and dust produced by farm and construction 
machinery. 
A knowledge of the properties of atmospheric aero-
sols is important, if for no other reason than that 
condensation in the atmosphere is a direct result of the 
presence of nuclei. Also, the ultimate solution to 
the problem of air pollution in our cities is inti-
mately tied to studies of the ways and means by which 
2 
TABLE I. APPROXIMATE ATMOSPHERIC NUCLEI CONCENTRATIONS* 
Type of radius concentration 
Nuclei 1J number/cm3 
Aitken <0.1 10 3-Io6 
Large 0.1-1.0 1-10 3 
Giant >1.0 <1 
*See Ref. 4. 
3 
aerosols are formed and removed from the air. One 
of the important parameters is the concentration of 
the aerosol particles. Although much data has been 
obtained on aerosol concentration, it is widely under-
stood that comparison of data taken by different in-
vestigators at different times, and with different 
instruments is unreliable. This thesis comprises 
a comparison study of a few of these nuclei counters. 
Although, there are many methods of detecting 
atmospheric nuclei, the one employed in the conven-
tional nuclei counters is based on the ability of 
these particles to nucleate droplets of water in a 
supersaturated atmosphere. Particles smaller than 
approximately 0.3 ~ cannot be readily seen with ordi-
nary optical detecting systems. However, if suffi-
ciently large drops can be formed on each of these 
nuclei, then they can be readily detected by direct 
photography or by light extinction techniques. This 
condensation is achieved by saturating a sample of the 
air under study in a chamber with pure water vapor 
and then allowing the gas to expand rapidly. This 
expansion causes adiabatic cooling in the chamber 
and an accompanying supersaturation with respect to 
the equilibrium vapor pressure of water at the lower 
temperature. This water will condense on the nuclei 
present depending on the degree of supersaturation, 
4 
the size and surface properties of the nuclei. The 
expansion is achieved by pressurizing the chamber above 
atmospheric pressure and then expanding to atmospheric 
pressure or allowing the air in the chamber to expand 
into a tank which has been partially evacuated. 
One of the simplest and oldest devices for measur-
ing nuclei concentrations is the so-called Aitken 
absolute nuclei counters shown in Fig. 1. A small 
hand pump draws the sample under study into a small 
volume (less than 20 cm3 ) which is then pressurized 
above atmospheric pressure. The sample in the small 
chamber is allowed to come to room temperature and then 
a valve suddenly opened. The expansion causes a large 
enough supersaturation to cause condensation on nearly 
all the nuclei in the chamber. Each water droplet 
formed falls onto a glass graticule. A magnifying 
eyepiece allows one to count the number of droplets 
which should correspond closely to the number of nuclei 
present in the original sample. It is difficult to 
count all the drops before they evaporate. Moreover, 
repeated expansions are needed to insure that all 
nuclei are counted. There is considerable doubt as to 
the validity of this instrument as an absolute counter. 
The nuclei counters used in this report use a 
different counting technique than the Aitken absolute 
Fig. 1 An Aitken type of absolute nuclei counter. 
(See ref. S.) 
5 
counter to determine concentrations. They do not 
employ optical systems which permit one to actually 
count the droplets. Therefore, these counters are 
referred to as relative nuclei counters. Relative 
counters use techniques based upon extinction of a 
light beam through the scattering of light out of the 




THE VARIOUS CONDENSATION NUCLEI COUNTERS 
2-1. The Pollak counter. The nuclei counter which 
has been used most extensively is the "Photo-Electric 
Nucleus Counter", better known as the Pollak counter .• 
L. W. Pollak and W. A. Morgan6 constructed two models, 
the " Direct Beam Photo-Electric Nucleus Counter" and 
the "Multiflex Photo-Electric Nucleus Counter". These 
were designed to measure the concentration of nuclei 
photo-electrically by the attenuation of a light beam. 
Due to many difficulties the latter model was disconti-
nued. Also, calibration of the direct beam photo-
electric counter was hindered by the limited faci-
lities at their disposal. Finally, through the inte-
rests of Professor J. J. Nolan, the matter was resolved 
in the Physics Department, University College, Dublin, 
Ireland. 
The first calibration was carried out by P. J. Nolan 
and L. W. Pollak~ During the experiments further 
development of this counter took place. This develop-
ment is attributed to Mr. J. J. Hughes, chief techni-
cian of the Physics Department at Dublin. The direct 
beam counter consisted of a 60 em brass tube 4 em in 
8 
diameter with a water saturated lining made of blott-
ing paper to saturate the air samples. Each end of 
the tube was sealed with a thick glass plate and 
rubber washer. The tube stood in a vertical position 
with a D.C. light bulb and lens system producing a 
nearly parallel beam of light which passed through the 
tube to a photo-cell mounted below the bottom glass 
plate. Occasionally the instrument had to be dis-
mantled to rewet the paper and clean the glass plates. 
The glass plates were treated with an anti-mist solu-
tion to prevent the formation of dew on them. 
The next major changes in 1953 were mostly ex-
ternal and the calibrations were revised accordingly. 
Then, in 1955 two big developments took place. The 
thick glass plate at each end of the tube was replaced 
by an electrically heated glass plate which was o-ring 
sealed to each end of the tube. Also, the diameter 
of the blotting paper liner was reduced to 2.5 em by 
a wooden spacer between the blotting paper and brass 
tube. This counter was calibrated against a 1953 
counter by L. W. Pollak and T. C. 0'Connor8 • 
By 1957 further developments had taken place. 
As this is the model which was used in the project, 
its operation will be given below. The 1957 counter 
with a parallel beam was calibrated by Pollak and 
Metnieks 9 with reference to the improved absolute 
9 
(Aitken type) counter of Pollak and Dalylo. However, 
let it be noted at this time that Pollak and his colla-
borators have consistently changed and improved the direct 
beam counter. These changes make it mandatory that the 
appropriate calibration tables be used if meaningful 
data is to be obtained for a given counter. The two 
Model 1957 Pollak counters used in this report differed 
only with respect to the beam passing through the brass 
tube. One used a divergent and one a convergent beam 
instead of the original parallel beam. Appropriate 
calibration tables for the two counters were used. 
This author knows only the history of the calibration 
of the convergent beam counter. It was calibrated by 
P. A. Allee 11 against the latest revised counter 
of Pollak and Metnieks 12 in Dublin, Ireland. 
The basic Model 1957 Pollak counter, with a con-
b · d "b d below 13 Th h b vergent earn, 1s escr1 e e c am er or 
fog tube stands vertically and is approximately 60 ern 
in length. Inserted in this rugged brass tube is a 
water saturated, unglazed, porous ceramic lining. 
Its prime function is to saturate the air sample 
under study in the fog tube. The inside diameter of 
the lining is 2.5 ern giving an expansion volume of 
approximately 300 cm3 • The fog tube is sealed at 
each end with an electrically heated glass plate 
10 
by means of an o-ring and a series of allen head screws 
fastening the tube to an adjoining end plate. The 
chamber consists of four hand operated valves whose 
primary functions will be discussed later. The chamber 
is an air tight system when all valves are closed. The 
chamber is an air tight system when all valves are closed. 
On top of the counter is mounted an illuminator which 
produces a direct convergent beam of light which passes 
through the fog tube. At the bottom of this tube, 
beneath the glass plate, is a photo-cell which detects 
the direct beam. The current from the photo-cell is 
read by means of a precision microammeter. 
The ceramic lining should of high quality and hold 
a sufficient amount of water to saturate the air sample 
under study. The advantages of the porous ceramic liner 
over blotting paper are that the ceramic liner is capable 
of being_bored or reamed out to give a definite confined 
volume and it is capable of retaining enough water so that 
more data may be taken before resoaking the liner is 
necessary. Calibration tables corresponding to ceramic 
lined counters should be used instead of blotting paper 1 
lined counters. 
The general procedure for a measurement is as 
follows. See Fig. 2. The intake valve (#1) and suction 
pump valve (#2) are opened. The air containing the 
















Fig. 2 Diagrammatical sketch of the Pollak Counter. 
12 
a hand or motor driven pump. A sufficient amount 
of air is necessary to remove all the previous gas from 
the fog tube. About 10.0 liters of air drawn through 
the tube in one minute is recommended 11 • At the end 
of this time, first the bottom and then the top valves 
are closed and the overpressure valve (#3) opened. 
Overpressure is produced by pumping filtered air into 
the chamber. The overpressure valve is closed and one 
minute is allowed for the air sample to become satu-
rated and the heat from the compression of the gas 
to be dissipated. Also, a minor adjustment of the 
initial photo-cell output may be necessary during this 
time. This is achieved by a variable resistor which 
permits only slight changes in the current in the lamp 
circuit. At the end of one minute the release valve 
(H4) is opened. The release of the air causes an 
adiabatic expansion lowering the temperature and pro-
ducing supersaturation. Droplets form on the nuclei 
and the extinction of the light beam is measured. 
The extinction E, is calculated by 
where ! 0 and I are the photo-cell current before and 
after expansion respectively. The density of droplets 
formed and thus the original nuclei concentration is 
read from the appropriate tab~e. 
13 
A 6.0 volt, point source, light bulb in the illu-
minator will give the best convergent beam. The beam 
entering the fog tube is 1.5 em in diameter and is 
centered such that scattering from the wall of the 
lining is impossible. The illuminator can be powered 
by a 100 amp. hr. storage battery or a well stabilized 
power supply. 
The top and bottom of the fog tube are closed 
with electrically heated conducting glass plates sealed 
with o-rings. The purpose of these plates is to eli-
minate obscuration of the light beam by dew deposits before 
expansion and by precipitating droplets after expansion. 
Sufficient heating overcomes the above problem, but 
overheating will produce turbulence in the fog tube. 
According to Pollak and Metnieks 14 , 6.0 volts at 70 rnA 
is used for the top glass (where only dew deposits 
occur) and 150 rnA at 6.0 volts for the bottom glass 
(where both dew deposits and droplet precipitation can 
occur). 
The usual overpressure is 160 Torr or a pressure 
which gives an expansion ratio of 1.21 according to 
the equation 
overpressure= 0.21 (atmospheric pressure). 
For sea level calibrations 160 Torr was selected 
disregarding ambient barometric pressure. Atmospheric 
pressure changes of approximately 30 Torr cause only 
about a 4% error in concentration values according to 
Pollak and Metnieks 11 . 
The timing in the manual operation of a Pollak 
counter must be consistently repeated. When properly 
operated the Photo-Electric Nucleus Counter gives a 
high degree of reproducibility. 
2-2. The Gardner counter. Gardner Associates, Sche-
nectady, New York, commercially manufacture a small 
portable counter commonly known as the "Gardner 
counter''. This counter is based upon a design sug-
gested by Rich15 , who at that time was associated 
with the General Electric Company. According to 
16 George F. Gardner of Gardner Associates , these 
instruments are calibrated against a 1946 model 
14 
Pollak Counter using copper carbon nuclei. The Gardner 
counter is entirely self-contained with the exception 
of a small hand pump. It is portable in every re-
spect, lightweight, and is useful in the field as 
well as for laboratory studies. 
The basic design of the Gardner counter resembles 
that of the Pollak counter. The sampling chamber is 
a brass tube about 30 em in length with inside dia-
meter of 0.974 inches (2.48 em). The inside diameter 
is diminished by the thickness of a wet corrugated 
blotter used to saturate the aerosol sample under 
study. The brass tube is sealed at each end with 
a recessed end plate containing a lens. The approxi-
mate volume of this chamber is 150 cm3 . A release 
valve allows the sample to be expanded adiabatically 
into an evacuated subsidiary chamber of variable 
volume. 
A divergent beam of light passes through the 
sampling chamber. The beam is divergent so that 
the total height of the instrument may be kept to 
15 
a minimum. The beam is stopped down through an ori-
fice, approximately 0.08 inches in the current instru-
ments, after emerging from the filament through two 
double convex lenses. The 0.08 inch diameter beam 
enters the sampling chamber through a lens in the 
top cap and leaves with a 0.8125 inch diameter through 
a lens in the bottom cap. The beam is detected by 
a cadmium-selenium photo-cell mounted beneath the 
bottom lens of the chamber. The beam must cover the 
active area of the light cell and should not strike 
the walls of the fog chamber. (The lamp and photo-
cell operate from seperate batteries.) A galvanometer 
is employed in the photo-cell circuit to detect the 
change in beam intensity due to droplet formation. 
16 
The hand pump mentioned above is a facsimile of 
an English bicycle tire pump. The pump leather has 
been reversed and reworked so that the pump evacuates 
instead ofpressurizes with each stroke of the handle. 
The primary function of this pump is to draw air 
samples into the sampling chamber and evacuate the 
subsidiary chamber. 
The following is the procedure for taking a mea-
surement with the Gardner counter. First the sample 
is drawn through the sampling chamber. About 7 to 10 
strokes with the hand pump arerecommended in order 
to flush any previous aerosol from the chamber. The 
subsidiary chamber is evacuated to 26 inches of mercury. 
(Anything over 26 inches of mercury is adequate. How-
ever, at high altitude~ this may be impossible.) 
A waiting period of approximately 30 seconds is allowed 
for thermal equilibrium and saturation of the sample. 
During this time final galvanometer adjustments are made. 
The release valve is depressed and the resulting 
adiabatic expansion produces supersaturation. The fog 
formed from the nuclei active at this supersaturation 
attenuates the transmitted light beam and the response 
is read directly from the galvanometer on the instru-
ment panel. A calibration table is used to determine 
the nuclei concentration from the galvanometer response. 
17 
The volume of the subsidiary chamber is adjusted 
by a stem fastened to a small piston. A combination of 
partial vacuum (depending on altitude) and variable 
volume allow a significant range of supersaturations to 
be used with this counter. Since size discrimination of 
nuclei is proportional to supersaturation, changes in 
volume and partial vacuum of the subsidiary camber 
may be used to obtain different supersaturations. 
2-3. The G.E. Counter. Vonnegut17 developed an 
instrument which achieved almost continuous readings 
of nuclei concentration in air samples by decreasing 
the required cycle time between expansions. Rich18 
described an improved version of a continous reading 
nuclei counter. This counter was modified and deve-
loped into the so-called Condensation Nuclei Counter 
(C.N.C.) manufactured by the General Electric Company, 
Schenectady, New York. This counter is many times 
referred to as the "automatic G.E. nucleus counter" 
or just the "G.E. counter". This counter was cali-
brated against a Pollak counter using an expansion 
ratio of 1.21. The G.E. counter is a self-contained 
unit with the exception of the strip chart recorder. 
The net weight of this counter is approximately 
18 
117 pounds. The one remarkable feature of this counter 
is its capability of making nearly continous measure-
ments of aerosol samples. 
G.E. describes the functions of one cycle of their 
counter as flush, fill, dwell, and expand 19 . The 
counter cycles five times per second to give nearly 
continous readings. The aerosol sample is drawn into 
a humidifier at a flow rate of 100 cm3/sec. A motor 
driven rotary valve provides the following functions: 
(1) flushes out all the previous aerosol sample, (2) 
fills the expansion chamber with a new and freshly 
saturated aerosol sample ( the active volume is approxi-
mately 20 cm3), and (3) expands the chamber adiabati-
cally into a regulated vacuum after a brief dwell period. 
The resulting supersaturation causes the water vapor 
to condense on the nuclei active at this supersatura-
tion. These droplets scatter light from the conical 
light beam passing through the expansion chamber to a 
photo-multiplier tube in a detecting circuit. The 
amount of scattered light is proportional to the drop 
density. 
The overall range of this instrument is from 
300 to 10 7 nuclei/cm3 • Measurements are made over six 
linear ranges and two non-linear ranges. The six full 
scale linear ranges are 3xl0 2 , 10 3 , 3xl0 3 , 10 4 , 3xl0 4 , 
19 
and 10 5 nuclei/cm3 . The two non-linear ranges have 
full scale readings of 10 6 and 10 7 nuclei/cm3 . A switch 
is provided on the face of the instrument for range 
selection. 
In order to assure a stable reading, the gain of 
the photo-tube and associated circuit must be main-
tained constant. This is achieved by a shutter, in 
close proximity to the lamp filament, mounted on the 
same shaft as the rotary valve. The shutter is syn-
chronized with the rotary valve so that during a com-
plete cycle the desired response is achieved. During 
the flush time interval, the shutter blocks all light 
from the filament. While the expansion chamber is being 
filled the shutter allows a narrow reference beam to 
standardize the photo-tube voltage. During the brief 
dwell period all light is again blocked. The shutter 
then allows a cone of light to traverse the active 
chamber during expansion but blocks off the narrow 
reference beam. The cycling rate is five times per 
second but the response time is about one second due 
mainly to the delay of the electronic averaging system. 
Thus, during each cycle, the shutter allows the photo-
multiplier to be standardized against a standard 
light source. 
20 
The rotary valve, humidifier, and expansion chamber 
are part of one casting which maintains thermal control 
over the sample. Furthermore, the temperature is thermo-
statically controlled by a heater mounted in the casting. 
A fan is used to dissipate the heat generated by the 
vacuum pump which is also mounted in the same chassis. 
The vacuum into which the chamber expands is usually 
regulated at 8 inches of mercury. The resulting super-
saturation at this partial vacuum is claimed to be about 
400%. Higher or lower peak supersaturations can be ob-
tained with the G.E. if so desired. If the supersatura-
tion is actually 400%, nucleation on ions is achieved, 
20 
contrary to the claims of G.E. . 
There is very little manual operation necessary to 
take measurements with a G.E. counter. Turn on the 
instrument and allow about a half hour to warm-up. 
Select an appropriate sensitivity with the range selector. 
The nuclei concentrations may be read directly from the 
instrument panel for all ranges and at the same time be 
recorded with a strip chart recorder. The vacuum gauge 
and adjustment dial is also on the instrument panel. 
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CHAPTER III 
THE NUCLEI RESERVOIR 
The nuclei samples were brought into the various 
counters from a reservoir. This reservoir was a large, 
specially made,air-tight bag inside an aluminum con-
tainer. This is shown in Fig. 3. The bag material 
was doubly aluminized mylar. The mylar is coated on 
both sides and the total thickness is 0.001 inches. 
The mylar material was chosen because it is flexible, 
durable, lightweight, and the aluminum prevents elec-
trical charge build-up on the plastic. 
The shape and construction of the bag resembles 
a camera bellows. The dimensions in the fully expanded 
position are 165 ern high, 80 em long, and 64 ern wide. 
Each side of the bag was cut according to a pre-cut 
pattern. Two sides, top, and bottom required folded 
creases to shape the bag in a bellows form. The 
front and back of the bag are smooth sheets of mylar. 
All edges of the bag were sealed with a 1.0 inch seam 
of heat tape. A special hot iron was used to seal 
the sections together to make the bag air-tight. The 
front of the bag has three holes, equally spaced along 
a horizontal axis, which are sealed to external con-
nectors mounted to the aluminum container discussed 
below. - ·· 
ALUMINUM CONTAINER 






Fig. 3 Diagramrnatical sketch of the Nuclei Reservoir 
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The metal container is made from 1/8 inch alumi-
num sheet welded at all edges except for a removable 
·top. The container is electrically connected to the 
inside and outside of the nuclei bag. The base of 
the container has four casters to allow it to be moved 
about the laboratory. The nuclei bag hangs vertically 
by hollow aluminum tubular hangers with small pulleys 
mounted to each end, which roll along two guide wires. 
These wire rails are parallel to each other and rum 
from the front to back of the container. 
When the top is on the container one fan, mounted 
at the back of the container, forces air into the con-
tainer to compress the bag while another fan (reverse 
air motion) draws air out of the container to expand 
the bag. 
The connectors which allow outside air to flow 
into the bag are made of aluminum. They are internally 
threaded for various external adapters. One such adapter 
is a cylindrical metal can fastened to a brass tube 
threaded for the connector. A coiled nichrome wire is 
fixed in the cylindrical can and heated by a D.C. power 
supply. High concentrations of nuclei are generated 
by this method and are drawn into the nuclei bag as it 
expands inside the container. 
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The metal container completely encloses and pro-
tects the bag. It also acts as a boundary so that the 
bag when expanding will never reach its maximum volume. 
This prevents deforming the bellows shape of the bag. 
The volume of the bag when expanded in its container 
is approximately 500,000 cubic ern. With this volume, 
a small volume nuclei counter could operate for several 
hours. 
Stainless steel tubing, 13/16 inch diameter, was 
used in various lengths to connect each nuclei counter 
to the nuclei reservoir. Sweat fittings were used at 
each joint and sealed by wrapping w1th electricians 
tape. 
CHAPTER IV 
PfiYSICAL PROPERTIES INHERENT IN 
THE VARIOUS NUCLEI COUNTERS 
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In order to put all the data from the measure-
ments with the various counters in proper perspective, 
an investigation of the effect of aerosol size dis-
tribution on their calibrations was undertaken. This 
investigation shows how errors arise when a counter is 
calibrated on one aerosol and measurements are made 
on another aerosol with a somewhat different distri-
bution. Also, a qualitative discussion of the role 
the supersaturation decrement plays in the calibration 
and comparison of various condensation nucleus counters 
is included at the end of this chapter. 
Condensation nucleus counters all use similar 
expansion techniques in order to create a supersaturated 
state. The expansion usually takes place from a well 
defined initial volume to a well defined final volume. 
This expansion cools the gas in the chamber while the 
walls of the chamber remain at ambient temperature. 
Two mechanisms begin to heat the gas throughout 
the chamber immediately following the expansion. Heat 
from the walls of the chamber begins to propagate towards 
the center of the chamber. However, in large chambers 
it is felt that an appreciable temperature rise would 
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be delayed for a second or two after the expansion 
due to the slowness of the heat conduction process. 
An increase of temperature throughout the chamber 
results from the compression of the gas throughout the 
chamber due to the expansion of the heated gas ad-
jacent to the walls of the chamber. The latter pro-
cess is absent if the chamber is open to the atmos-
phere, i.e. the final pressure is constant. Neverthe-
less, heat conduction from the walls is still persis-
tent and renders the chamber volume heterogeneous in 
temperature immediately following the expansion. 
Kassner, Carstens and Allen 21 have calculated 
the heat conduction and vapor propagation from the 
walls of the Pollak and Gardner type nucleus counters. 
Their analysis shows, see Fig. 4., that the central 
portion of the chamber of the Pollak counter remains 
unaffected by wall effects for about 0.3 sec. Prior 
to 0.3 sec. there should be negligible errors in the 
supersaturation (supersaturation decrement) along the 
axis of the chamber due to diffusion processes from 
the walls. Figure 4 shows that the supersaturation 
decrement begins to increase quite rapidly after the 
0.3 sec. expansion time. Therefore, if an expansion 
time longer than 0.3 sec. is required, the maximum 
27 























Supersaturation decrement profiles for 
the Pollak counter for a normal expan-
sion speed. (See ref. 21.) 
theoretical supersaturation as predicted by adiabatic 
calculations will never be reached, the reason being 
that beyond this time wall effects have been trans-
mitted to the center of the chamber. 
The light beam used in these counters defines 
the observed volume. (Depending on whether the beam 
is divergent or convergent the statistical droplet 
count averaged in the chamber has mostly been taken 
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at one or the other ends of the chamber respectively.) 
In the case of the Pollak and Gardner counters the 
light beam occupies a significant portion of the total 
volume of the counter. That is to say, the counter 
is not just being observed along the axis as Kassner, 
Carstens, and Allen had assumed. Therefore, the effects 
due to the heat from the walls appears much earlier 
than 0.3 sec. and produces a significant supersatura-
tion decrement. Since the light beam is either diver-
gent or convergent and the whole volume is completely 
heterogeneous in temperature and supersaturation, only 
an effective supersaturation decrement can be talked 
about. The supersaturation decrement is defined as 
the difference between the theoretical supersaturation 
calculated from the adiabatic law and the actual super-
saturation achieved in the counter. So, it appears 
that the Pollak and Gardner counters were not designed 
with any margin of safety from wall effects; and wall 
effects must play an important role in the operation 
and, particularly, in the calibration of the counter. 
A real and sizable quantity which should also be 
taken into account is the depletion of vapor, and 
heating resulting from droplet growth during an ex-
pansion. The various counters form droplets at very 
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low supersaturations, depending on the critical super-
saturation distributions of the nuclei sampled. These 
grow throughout the remainder of the expansion while 
other nuclei are being nucleated. As these drops con-
sume the available vapor present in the chamber, they 
release the equivalent amount of heat which was necessary 
to vaporize this liquid. This heat is rapidly communi-
cated throughout the chamber volume by diffusion, re-
sulting in a lowering of the supersaturation. This 
means that the counter does not reach the maximum 
theoretical supersaturation and some nuclei will not be 
nucleated. An approximate calculation of the amount of 
heat Q liberated by n drops is 
Q = Lmgn 
where L is the latent heat of condensation, and 
mg = 4/3vr3p 
gives the mass of a droplet of radius r with g molecules, 
where m and p are the mass of a water molecule and bulk 
liquid density respectively. 
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Although the approximate calculations above are 
simple ones, it is imperative that one know the radius 
r of all the droplets in the chamber. This calculation 
is not a simple one and much more information is needed 
than is available from simple condensation nucleus 
counter measurements. Carstens and Kassner22 discuss 
some surface kinetic aspects of droplet growth theory 
which are valid for droplets over the size range from 
10- 7 to 10- 2 em in radius. They conclude that in 
estimating the bulk vapor depletion and heat addition 
to a chamber, the volume of the drop is the interesting 
quantity; for example, the surface kinetics correction 
to the volume is 75% at 1 micron, while only 7% at 10 
. 2"2 
mJ.crons The diffusion theory including surface 
kinetics gives droplet growth rates which are notably 
smaller than those predicted by diffusion theory alone. 
The essential point is that the component of the super-
saturation decrement due to droplet growth increases 
with increasing numbers of droplets per cm3 . The super-
saturation decrement will be denoted by ~S in further 
discussions. The remainder of this chapter is devoted 
to describing how ~S affects the calibration response 
of a counter for various types of nuclei spectra. 
First, it is assumed that one fills some type of 
nuclei reservoir and lets the aerosol decay by natural 
means in order to obtain different nuclei concentrations. 
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Since there is no such thing as a standard aerosol, this 
turns out to be a practical scheme for obtaining diffe-
rent nuclei concentrations. The nuclei concentration 
is sampled at regular time intervals in order to deter-
mine the calibration curve for the counter. With these 
assumptions in mind one can understand the logic of the 
remaining section of this chapter. 
Figures 5 and 6 show typical decay schemes for two 
purely hypothetical aerosols A and B . The successively 
lower curves represent the change in the aerosol distri-
butions at successive intervals of time. Note that the 
portion of the spectrum which nucleates at low super-
saturations (in general, these are the larger nuclei) 
is not appreciably affected by the decay as has been 
noted by other investigators28. The AS is equal in 
both graphs and represents the difference between the 
hypothetical experimental supersaturations S and s' . ,
AS = S .... -s ....... in the second case. In order to determine 
3 the number of nuclei per em for a particular super-
saturation, one must integrate the area under the curve 
for the desired aerosol. 
This integration has been carried out for figures 
5 and 6 as shown in figures 7 and 8 The primed 
notation corresponds to aerosols A and B when AS = 
S-S"' in Fig. 7. The double primed notation corresponds 
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Fig. 7. Calibration curves for a condensation 
nucleus counter with a finite ~S for aerosols 

































Fig. 8. Calibration curves for a condensation 
nucleus counter wjth a finite 6S for aerosols 
A and B operating at a theoretical supersatura-
tion S ... 
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should refer to figures 5 through 8 in future discussions 
for an explanation of the notation. 
As an example let a counter be calibrated for aero-
sol A. The theoretical supersaturation is S while the 
actual supersaturation obtained isS', yielding a super-
saturation decrement ~S. If ~S is known then the cali-
bration curve A' for aerosol A will give the absolute 
nuclei concentration for each response of the counter. 
Now suppose for the same aerosol the theoretical super-
saturation is S' while the actual supersaturation ob-
tained is S'' giving the same ~S as before. See 
Fig 6 . Then a new calibration curve has been obtained, 
see A'' in Fig. 8. Even though ~S remains the same 
A' and A'' show different corrections for identically 
the same responses from the counter. Hence, it seems 
that a counter must operate at the same supersaturation 
it was calibrated for to give meaningful results. More-
over, if •one counter is calibrated to give A' and another 
counter to give A'', then when these two counters are 
compared they give different response due to the diffe-
rent operating supersaturations S' and S'' respectively. 
Now, let two counters be calibrated, one for aerosol 
A and one for aerosol B, operating at the same super-
saturation S' and giving the same ~S. Then A' and B' 
show their respective calibration curves. If the two 
counters take samples of an aerosol of type B they 
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can only agree in corrected nuclei densities up to the 
separation point of the two calibration curves A~ and 
B~. Past this point identical responses for the two 
counters will represent different absolute nuclei coa-
cent rations as shown in Fig. 7 for the solid and dashed 
lines. Thus, a counter calibrated on a given aerosol 
distribution can only make accurate measurements on 
that same type of aerosol. 
A typical example that follows closely the 
methods of comparisons in this thesis is now emphasized 
qualitatively. In referring to Fig. 8 suppose a counter 
is calibrated to curve A~~ but is taking measurements 
on aerosol B. The theoretical and actual supersaturation 
are s~ and s~~ respectively. Then for a response R1 a 
corrected count of N1 is made, but B~~ is not the cali-
bration curve for the counter. Hence, for the cali-
bration curve A~~ a response R2 corrects R1 to give the 
absolute concentration N2 as the correction for response 
R1 . The percentage error 
xlOO 
involved here, has been plotted against N2 . Note curve 
D in Fig. 9 . If this same analysis is used for curves 
A~ and B~ instead of A~~ and B~~one would get curve C 
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Fig. 9. Error in the indicated nuclei concentra-
tion encountered by calibration on one aerosol 
measurement on another aerosol with a different 
distribution curve. 
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The percentage errors happened to be positive in 
our case because of the calibration curves chosen in 
the example above. However, Fig. 10 shows a case where 
± errors are involved regardless of which curve is 
the calibration standard. In general, Fig.9 shows 
that if a given counter is operated at two different 
supersaturations and making measurements on the diffe-
rent nuclei spectra mentioned above, the errors in the 
observed nuclei concentrations are supersaturation 
dependent. 
The following conclusions can readily be drawn. 
If it were possible to operate a counter at such a high 
supersaturation that nearly all of the aerosol distri-
bution is included, the calibration errors would be 
minimized. It is not known at the present whether this 
is possible for new (not aged) aerosols where there 
is likely to be a very large concentration of very 
small nuclei. 
It seems possible that the whole process of cali-
brating relative counters is on very dubious grounds 
indeed. In all likelyhood it is impossible to cali-
brate a counter in such a way that measurements can 
be made on different aerosols. This points to the 
need for a real absolute counter in which AS is com-
pletely absent. A discussion of such a counter follows 
in Chapter VII. 
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EXPERIMENTAL CONCENTRATION 
Fig. 10. Possible calibration curves for a con-
densation nucleus counter with a finite 6S for 
hypothetical aerosols A and B possessing widely 
different distribution curves. 
41 
CHAPTER V 
DATA COLLECTION AND ANALYSIS 
The data reported in this thesis were collected 
over a five day period during which time 10 sets of 
comparative measurements were made. Just before each 
data run the mylar bag was filled with room air or a 
mixture of room air and the nuclei produced by the 
hot wire generator. (The date of the data run and 
the source of aerosol are noted in Table II.) A 
schematic diagram, Fig. 11, shows the relative positions 
of the various counters and their connections to the 
mylar bag. 
After a data run had started, the G.E. counter was 
. . 
operated continously while the other counters sampled 
the aerosol at periodic intervals. This period was 
dependent upon the operator as well as the required 
dwell time required for saturation of each new sample 
and the time for thermal equilibrium to be established. 
In general, a Gardner counter reading was taken every 
2 minutes while the Pollak counters were read approxi-
mately every 3 minutes. For a good balance in data 
analysis the record from the G.E. counter was read 









Fig. 11. Block diagram of the relative position of the 
various nuclei counters with their approximate 
connections to the nuclei reservoir. 
the nuclei reservoir and the required sample sizes 
of the various counters, a data run lasted about 
30-50 minutes. 
Figures 12 through 22 show the raw data for 
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each counter for each data sequence. The data for each 
counter in each sequence were fit to a polynomial by 
a least squares computer program. All polynomials up 
to the 4th order were tested, and the one with the 
best standard deviation was chosen. These curves are 
plotted in the figure along with the corresponding 
data points. Table IV shows the coefficients for 
each of these curves. 
Although for an accurate comparison of these 
counters one should compare them with a standard or 
an absolute counter, such an instrument is not yet fully 
operational in this laboratory. Also, it would be 
inappropriate to choose any one of these counters and 
compare the others to it as no particular counter is 
absolute. It was decided to average the four poly-
nomials of the four counters for each data run and 
thus obtain an "average" curve. This curve is the 
heavy line in figures 12 through 22 . 
To compare the responses of the various counters, 
each data point for each counter was compared to the 
44 
TABLE II. SEQUENCE DATA 
Sequence Date Source of Nuclei Range 
1 8/13/68 Room Air 7-15K 
2 8/14/68 Hot Wire Generated 30-200K 
3 8/14/68 Hot Wire Generated 60-300K 
4 8/14/68 Hot Wire Generated l-20K 
5 8/15/68 Hot Wire Generated 10-200K 
6 8/15/68 Hot Wire Generated 10-50K 
7 8/16/68 Room Air 1.5-5K 
8 8/16/68 Hot Wire Generated 40-400K 
9 8/16/68 Hot Wire Generated 8-80K 
10 8/16/68 Hot Wire Generated 3-30K 
11 8/16/68 Room Air 3-9K 
TABLE III. FIGURE LEGEND 
Nucleus Counter Abbreviation Symbol 
ESSA Pollak EP 0 
NCAP Pollak NP 6 
Gardner G + 
General Electric GE X 
TABLE IV. COEFFICENTS FOR CURVES OF CONCENTRATION VS. TIME 
2 3 4 5 Concentration = a0 +a1t+a2t +a3t +a4t +a5t 
Counter a0 x10
2 a1x10-
1 a2x10- 2 a3x10 
-4 a4x10-
6 
Seq. 1 EP 0.0930 0.249 
Fig. 12 NP 0.108 0.124 
6-20K G 0.110 0.112 
G.E. 0.0819 -0.416 0.529 -1.931 2.35 
AVE 0.0983 0.0172 0.132 -0.483 0.588 
Seq. 2 EP 0.760 -6.011 
Fig. 13 NP 1.054 -13.7 
30-200K G 1.121 -9.74 
G.E. 0.754 -13.09 2.13 -2.24 
AVE 0.922 -10.6 0.533 -0.559 
Seq. 3 EP 1.52 -66.2 13.2 
Fig. 14 NP 2.15 -85.03 15.8 
9-300K G 2.35 -91.2 16.3 
G.E. 1.27 -28.7 3.37 
AVE 1.83 -68.8 12.2 ~ c.n 
(CONT.) TABLE IV. COEFFICENTS FOR CURVES OF CONCENTRATION VS. TIME 
Seq. 4 EP 0.0422 -0.646 0.289 
Fig. 15 NP 0.0503 -1.014 0.283 
1-20K G 0.0709 -1.35 -0.0076 
G.E. 0.0217 0.214 
AVE 0.0436 -0.700 0.141 0.338 
Seq. 5 EP 0.907 5.73 -29.3 110.7 -120.7 
Fig. 16 NP 1.064 --16.3 
10-200K G 1.18 -29.1 3.28 
G.E. 0.805 -21.08 3.78 -3.48 
AVE 0.988 -15.1 -5.56 26.8 -30.1 
Seq. 6 EP 0.328 -5.20 0.477 
Fig. 17 NP 0.266 6.80 -5.59 13.6 -11.3 
10-50K G 0.403 -10.07 2.54 -2.94 
GE 0.278 -2.87 0.324 -0.337 
AVE 0.319 -2.84 -0.563 2.58 -2.82 
.. 
0\ 
(CONT.) TABLE IV. COEFFICENTS FOR CURVES OF CONCENTRATION VS. TIME 
Seq. 7 EP 0.217 0.0658 
Fig. 18 NP 0.0259 0.0222 
1-8K G 0.023 -0.999 1.401 -5.84 7.75 
G.E. 0.0195 -0.0116 
AVE 0.0226 -0.231 0.350 -1.46 1.93 
Seq. 8 EP 2.33 -55.2 -1.89 11.9 
Fig. 19 NP 3.35 -165. 39.9 -35.5 
40-400K G 3.77 -199. 46.5 -38.5 
G.E. 1.85 -66.8 12.5 -9.39 
AVE 2.33 -55.3 -1.89 11.9 
Seq. 9 EP 0.691 -38.6 26.5 -89.5 101. 
Fig. 20 NP 0.702 -13.5 
3-80K G 0.686 -11.7 
G.E. 0.483 -9.57 0.761 














































COEFFICIENTS OF CURVES OF DURATION AS A-FUNCTION OF AVERAGE CONCENTRATION 
EP(S.D.)=1.01-0.764x10- 2C+0.672x10- 3c2-0.223x10- 4C3+0.340x10- 6c4-0.276x10- 8c 5 
+0.123x1o- 10c6-o.285x1o- 13c 7+0.269x1o- 16c8 
NP(S.D.)=1.14-0.362x10- 2C+0.539x10- 4c2-0.182x10- 6c 3 
G(S.D.)=1.04+0.275x10- 2C-0.116x10- 4c 2 
GE(S.D.)=0.716+0.252x1o- 1c-0.115x10- 2c2+0.215x1o- 4c3-0.202x1o- 6c4+0.999x1o- 9c5 
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Fig. 12 Change in nuclei concentrations with time. Seq. 1. 
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Fig.22 Change in nuclei concentration with time. 
Seq. 11. 
60 
value of the average curve at that time. The deviation 
of these points, computed as 
Deviation = counter value-average value, 
average value 
are plotted in figures 23 through 33 for each sequence. 
Figures 34 through 37 show these same deviations 
plotted for all points of all sequences for each counter. 
Smooth curves were onceagain fit to the data by means 
of the least squares program. Polynomials up to lOth 
order were analyzed and the coefficients of those curves 
with the best standard deviation are shown at the end 
of Table IV. Figure 38 shows all deviations for all 
counters and is included to allow a quick visuali-
zation of the magnitude of the differences in counter 
responses. Finally, figures 39 through 46 show the 
deviations for each counter on the days of August 14 
and 16. The purpose of including these last figures 
is explained in the next section. 
Some alterations in the above described method of 
data analysis were necessary. Any data points taken 
after 50 minutes, a total of 12 points in 3 data runs, 
were discarded for ease of data analysis. None of 
these points would have any appreciable effect on the 
calculated curves or any conclusions which might be 
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Fig. 28 Deviation from the average concentration for the decaying 
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Fig.31 Deviation from the average concentration for the decaying aerosol in 
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Fig.32 Deviation from the average concentration for the decaying aerosol in 
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Fig. 34. Deviation from the average concen-
tration for the decaying aerosols in Seq-
ence 1 through 11 for the ESSA Pollak counter. 
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Fig.3S. Deviation from the average concen-
tration for the decaying aerosols in Sequence 
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Fig . 36 . Deviation from the average concen· 
tration for the decaying aerosols in Sequence 
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Fig . 37. Deviation from the average concentration 
for the decaying aerosols in Sequence 1 through 
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Fig. 38 . Deviation from the average concen-
tration for the decaying aerosols in Sequence 
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Fig.39 . Deviation from the average concen· 
tration for the decaying aerosol of 8-14-68 
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Fig.40. Deviation from the average concen-
tration for the decaying aerosol of 8-16-68 
in Sequence 7 through 11 . 
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Fig. 41. Deviation from the average concen-
tration for the decaying aerosol of 8·14-68 
in Sequence 2 through 4. 
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Fig .42 . Deviation from the average concen-
tration for the decaying aerosol of 8-16-68 





















































Fig .43. Deviation from the average concen-
tration for the decaying aerosol of 8-14-68 



























Fig . 44. Deviation from the average concen-
tration for the decaying aerosol of 8-16-68 
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Fig. 45. Deviation from the average concen· 
tration for the decaying aerosol of 8-14-68 
in Sequence 2 through 4. 
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Fig . 46. Deviation from the average conccn· 
tration for the decaying aerosol of 8-16-68 
in Sequence 7 through 11. 
so 100 300 
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Fig. 19 the high Gardner points at the beginning of the 
sequence were not used in computing either the Gardner 
or average curve as they are obviously not comparable 
to any of the other readings. Due to the multi-valued-
ness of the Gardner and ESSA Pollak data points compared 
to the average curve as shown in figures lSand 18, 
unrealistic deviation curves were obtained in figures 
26 and 29. In these cases, a reasonable curve was 
estimated. For the same reason, the curves for all 
four counters in Fig. 25 , were slightly smoothed at 
the beginning of the plot. As these deviation curves 
are used in no quantitative manner, it is felt that this 




The lack of data from an absolute counter, with 
which to compare these relative counters, makes it 
impossible to draw any definitive conclusions. The 
average curve employed in all the graphs in this thesis 
could have been markedly influenced by errors in a 
single counter. Also, the least squares fitting pro-
cess takes no account of the nature of the aerosol 
decay process and, for the most par~ gives curves which 
are probably not physically significant in the realis-
tic sense. 
The systematic deviations between the results of 
the different counters appear to be of the same order 
as the deviations encountered from day to day for a 
given counter. However, for the most part an indivi-
dual data run has a higher degree of internal consis-
tency than the day to day deviations. It is felt that 
the consistency of an individual data run shown by a 
given counter leads only to a false sense of security 
as to the inherent accuracy of the individual instru-
ment. It seems that the true reliability of the con-
densation nuclei counters tested is more nearly dis-
played in Fig. 38 , where all the individual deviations 
from the average curve are plotted simultaneously. 
If any one counter had given accurate data, it would 
not have been possible to detect that fact from the 
results shown in this thesis. 
In looking at the day to day deviations of an 
individual counter for the days of August 14 and 16, 
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one might draw the following conclusions. The ESSA 
Pollak counter tends to have, in general, the smallest 
deviations from the average except at high concentrations 
where a systematic deviation is indicated. The method 
of analysis in Chapter V may be at fault here because 
of the way in which the average curve was employed. 
It is felt that the systematically low deviations for 
the day of the 14th were due to some other counter 
giving excessively high concentrations and thereby 
weighting the average to higher values. In general, 
the NCAP Pollak counter seems to have systematically 
higher deviations from the average over the entire 
average concentration range. The most meaningful 
result is that the NCAP and ESSA Pollak counters give 
systematically different results. It is noteworthy 
that the NCAP Pollak counter had not been individually 
calibrated as had the ESSA counter but simply used 
the standard calibration for that model of the counter. 
Although, the deviations appear to be fairly constant 
as a function of the average nuclei concentration. 
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The Gardner counter seems to give very high readings 
at high nuclei concentrations and could be influencing 
the average for all counters in that direction. (Note 
the large deviations of the Gardner in Fig.43 as com-
pared with the small deviations of the ESSA Pollak 
counter in Fig. 39.) The overall results for the 
Gardner counter show a large scatter, which must either 
arise from inadequate counter design or the operator's 
inability to read the pressure gauges with adequate 
accuracy. Packwood 24 has shown that the pressure 
measurement is critical. The readings of the G.E. 
counter as shown in Fig.l8 seem to be very consistent. 
The deviations for the circled points in Fig. 46 
show how the readings from the other counters can in-
fluence the average. In general,the deviations of the 
G.E. counter seem to be less erratic than those of the 
other counters. This may be attributed to the very 
fast expansion time which could give a much smaller 
AS due to wall effects as discussed in Chapter IV. 
It is felt that the present results clearly indi-
cate the need for more extensive comparisons of con-
densation nucleus counters, particularly where com-
parisons can be made against a reliable absolute 
nuclei counter. The qualitative analysis, of the 
methods used to compare various condensation nuclei 
counters, indicates that the calibration process it-
self is a dubious one unless all nuclei spectra tend 
to possess very similar characteristics with respect 
to the location of the maximum concentration and the 
general shape of the size distribution curve. For 
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the reasons above, efforts have been continously de-
voted to the construction and operation of an absolute 
nuclei counter. This counter is discussed in Chapter 
VII. During the writing of this thesis, the UMR ab-
solute counter has been made to give satisfactory 
results. It is hoped that comparisons of the type 
performed here can be repeated using the UMR absolute 
counter as a standard in the near future. 
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CHAPTER VII 
AN ABSOLUTE NUCLEUS COUNTER 
The original purpose of the experiment was to com-
pare the various nuclei counters to the absolute nucleus 
counter or portable cloud chamber of the Cloud Physics 
Research Center at the University of Missouri - Rolla. 
The first presentation of this absolute counter was by 
Dr. J. L. Kassner, Jr., at the International Atmospheric 
Nuclei Instrument Workshop, September 8 through 23, 1967, 
in Lannemezan, France. After carefully examining the 
results of the 1968 summer comparisons, it was obvious 
that malfunctions of the chamber led to erratic results. 
However, from the improvements encountered since that 
time, it is apparent that this problem has been satis-
factorily solved. It is unfortunate that new compara-
tive data could not be obtained before presentation of 
this thesis. However, the induction of the author 
into the armed services has precluded further work at 
this time. A short discourse on the improvements made 
on the absolute counter since the Lannemezan meeting 
is in order. First, the reader should refer to 
Kassner et. a1 25 for a complete backgrou~d on the 
theory, operation, and construction of tae portable 
absolute counter. 
The beginning of the cycle for the portable 
chamber actually begins when the aerosol sample is 
vented into the expansion volume by means of the 
"vent valve". A revision in the "vent-in" process 
now allows the piston to bottom out for approximately 
1 1/2 minutes before "vent-in" and to stay bottomed 
during and after "vent-in". This allows two major 
changes; (1) it establishes a constant volume in 
the chamber during the "vent-in" process, and (2) 
it provides the necessary time for assuring the 
thermodynamic equilibrium of the chamber. Also, the 
time interval after "vent-in" has been increased. 
Where it used to take 30 seconds to get a new sample 
into the expansion chamber, it now takes 2 minutes. 
This has increased the cycle time from 3 minutes 
to approximately 5 minutes. The longer cycle time 
is a disadvantage in making spectral measurements 
but it seems to be tolerable. 
Before and after the "vent-in" process, three 
measurements are necessary to determine accurately 
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the sample size taken in: pressure, temperature, and 
volume. Since the temperature is maintained constant 
by means of heating elements in the chamber and the 
volume is defined by the bottom position of the piston, 
this leaves the pressure as the critical measurement. 
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Originally, only one pressure transducer was used 
to measure pressure in the chamber before and after the 
"vent-in" process and throughout the main expansion 
which produces the supersaturated state. Since the pres-
sure change is very much s~aller than that caused by the 
main expansion, it was necessary to employ a more sensitive 
pressure transducer. Transducer model K-1207-3 and an 
accompanying oscillator-demodulator model K-2000 manu-
factured by Kaman Nuclear were employed to measure the 
very small pressure change during the "vent-in" process. 
At first the Kaman Nuclear transducer was mounted 
on top of the chamber with the diaphragm exposed to 
the chamber volume at all times. Even though the pres-
sure transducer was not capable of measuring high pres-
sures, its diaphragm was being exposed to the large 
pressure changes resulting from the main expansion. Al-
though the pressure transducer could safely be exposed 
to these relatively large pressure changes, these large 
pressure excursions caused some hysteresis in the dia-
phragm which resulted in small changes in the cali-
bration. The latter shift in calibration reduced the 
accuracy of the transducer sufficiently to cause trouble 
when samples as small as 5.0 cm3 were vented into a 
sensitive volume of 15,000 cm3 . This brought about 
the advent of a valve suggested and designed by the 
author. 
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The purpose of the valve was to isolate the Kaman 
Nuclear pressure transducer from the large pressure 
changes and to open the transducer to the system only 
during the "vent-in" measurements. This valve should 
alleviate the problem by allowing the transducer dia-
phragm to be exposed to the chamber only when the chamber 
is very close to atmospheric pressure. (The pressures 
at this time are well within the limited range of the 
transducer, ±5 cmHg.) The interior volume of this 
valve is less than 3 cm3 and does not appreciably 
affect the thermodynamics of the chamber during venting 
time. 
An accurate reading of pressures for calibration 
purposes is now available through employment of a fused 
quartz pressure gauge made by Texas Instruments. This 
gauge is referenced to vacuum so that absolute pressures 
can be taken. It has an advantage over the old pressure 
gauge since readings are more accurate and can be 
quickly converted to mm Hg. Pressure traces from the 
oscillograph recording of the pressure transducers are 
plotted against the Texas Instrument readings; hence, 
pressure readings may be quickly determined from these 
calibration plots. 
After making these improvements, noticeable 
scattering of the nuclei concentration values was still 
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evident. A leak in the vent valve was evidenced by 
enclosing the top of the valve in a plastic bag filled 
with smoke. During the venting process, smoke particles 
entered the chamber even though all sample lines were 
closed and no connection to the chamber should have 
been possible. The smoke nuclei were being drawn through 
very small clearances along the operating stem 
that connected the valve to the mechanical solenoid. 
Dr. Kassner, Dr. Saxena, and the author redesigned this 
valve and provided it with a positive diaphragm seal. 
The diaphragm seals the valve stem to the valve wall and 
prevents the passage of gas along the valve stem without 
hindering the motion of the valve stem. The diaphragm 
flexes slightly as the stem moves through its paces. A 
new section was designed in the valve so that the spring 
constant, which controls the pressure on the o-ring 
sealing the orifice to the expansion chamber, could be 
conveniently varied. This orifice lies at the bottom 
of an inverted conical frustrum at the base of the valve. 
The new design also provides for a flush line which 
draws nuclei into the valve at a slant and directs the 
flow towards the orifice. This allows the dynamic flow 
of the gas to head towards the entry point into the 
chamber as the stem is removed from the orifice and 
insures the proper purging of the valves interior. 
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In general, all adjustments can now be made on the 
valve without ever exposing the orifice to atmospheric 
air. Plumbing connections to the valve are o-ring 
sealed. The new design has also proven its advantages 
over the old design as recent data (taken by others) 
now shows reproducible results. 
It is hoped that the suggestions and contributions 
made to this absolute condensation nucleus counter will 
be of value in future work with this counter. The author 
regrets that absolute nuclei measurements with this 















Coulier, M., Note sur une nouvelle propriete 
de L'air. J. Pharm. Chim., 22, 165-175, 254-255 (1875). 
Aitken, J., On Dust, Fogs, and Clouds, Nature, 23, 
5 (1881). 
Junge, C. E., Air Chemistry and Radioactivity, 
Academic Press, New York, 1963, pp. 111; Fletcher, 
N. H., The Physics of Rainclouds, Cambridge 
University Press, 1962, pp. 67-71. 
Junge, C. E., Air Chemistry and Radioactivity, 
Academic Press, New York, 1963, pp. 11-182. 
Chalmers, J. A., Atmospheric Electricity, Pergamon 
Press, 1957, p. 59. 
96 
Pollak, L. W. and Morgan, W. A. (unpublished results) 
(1940) Irish Meterological Service. 
Nolan~ J. J., and Pollak, L. W., The Calibration of 
a Photo-Electric Nucleus Counter, Proc. Roy. Irish 
Acad., A51, 9-31 (1946). 
Pollak, L. W., and O'Connor, T~ C., A Photo-Electric 
Condensation Nucleus Counter of High Precision, 
Geofisica Pura E Appl., 32, 139-146 (1955). 
Pollak, L.W., and Metnieks, A. L., New Calibration 
of Photo-Electric Nucleus Counters, Geofis. Pura E 
Appl., 43, 285-301 (1959). 
Pollak, L. W., and Daly, J., An Improaved Model of the 
Condensation Nucleus Counter with Stero-Photomicro-
graphic Recording, Geofis. Pura E Appl., 41, 211-216 
(1958). 
Allee, P. A., Calibration of the Pollak Photo-Electric 
Nucleus Counter, J. de Recherches Atmospheriques, III, 
2°, 97-99, (1968). 
Pollak L. W., and Metnieks, A. L., Intrinsic Cali-bratio~ of the Photo-Electric Condensation Nucleus 
Counter Model 1957 with Convergent Light Beam. Tech-
nical (Scientific), Note No. 9 (1960). 
97 
13. Pollak, L. W., and Metnieks, A. L., Instr~ction for 
the Use of the Photo-Electric Nucleus Counter, Geo. 
Bulletin, 16, 1 (1959). 
14. Pollak, L. W., and Metnieks, A. L., The Fog in the 
Photo-Electric Nucleus Counter, Geofis. Pura. E 
Appl., ~' 66 (1957). 
15. Rich, T. A., A Photo-Electric Nucleus Counter with 
Size Discrimination, Geofis. Pura. E Appl., 31, 60 (1955). -
16. Gardner, G. F., Personal Communication (1968). 
17. Vonnegut, B., ''A Continuous Recording Condensation 
Nuclei Meter", Proceedings First National Air 
Pollution Symposium, Los Angeles, Calif., 36-44 (1949). 







Nuclei", 4th CondensatT1~o~n~~~~~T,r~~Mr~~~re~r-m-a-n~y~~~~~.~~ 
Johnson, E. L., General Electric, Schenectady, New 
York, Personal Communication. 
Kassner, J. L., Jr., Personal Communication. 
Kassner, J. L., Jr., Carstens, J. C., and Allen, 
L. B., Analysis of the Heat and Vapor Propagation 
from the Walls of the Nolan, Pollak, and Gardner 
Type Condensation Nucleus Counters, J. Atmos. Sci., 
~' 919 (1968). . 
Kassner, J. L., Jr., and Carstens, J. C., Some 
Aspects of Droplet Growth Theory Applicable to 
Nuclei Measurements, J. de Recherches Atmospheriques, 
~' 33 (1968). 
Junge, C. E., Air Chemistry and Radioactivity, 
Academic Press, New York, p. 130 (1963). 
Packwood, D. L., Operating Characteristics of a 
Cloud Chamber Suited for Condensation Measurements, 
M. s. Thesis, University of Missouri-Rolla (1965). 
98 
25. Kassner, J. L., Jr., Carstens, J. C., Vietti, M.A., 
Biermann, A. H., Yue, P.C.P., Allen, L. B., Eastburn, 
M. R., Hoffman, D. D., Noble, H. A., Packwood, D. L., 
"Expansion Cloud Chamber Technique for Absolute Aitken 
Nuclei Counting", paper presented at International 
Atmospheric Nuclei Instrument Workshop, September 8-23, 
1967, Lannemezan, France. 
99 
VITA 
Joel William Mansell 
The author was born on March 23, 1945, in Lex-
ington, Missouri. He received his primary and secon-
dary education in Oak Grove, Missouri. He has re-
ceived his college education from Central Missouri 
State College, Warrensburg, Missouri; and the Univer-
sity of Missouri at Rolla. He received a Bachelor 
of Science Degree in Mathematics and Physics from 
Central Missouri State College in May, 1967. 
He has been enrolled in the Graduate School of 
the University of Missouri at Rolla since September, 
1967, and has held a Space Sciences Research Center 
research assistantship since that time. 
The author is married to the former Miss Peggy 
Jeane Rossiter of Oak Grove, Missouri. They have 
one son, William Shane. 
